To get additional insight into the phenotype of attentional problems, we examined to what extent genetic and environmental factors explain covariation between lack of dispositional mindfulness and attention-deficit/hyperactivity disorder (ADHD) traits in youth, and explored the incremental validity of these constructs in predicting life satisfaction. We used data from a UK population-representative sample of adolescent twins (N = 1092 pairs) on lack of dispositional mindfulness [Mindful Attention Awareness Scale ( , taps into an aspect of attentional functioning that is phenotypically and genetically distinct from parent-rated ADHD traits. The clinically relevant incremental validity of both scales implicates that MAAS could be used to explore the underlying mechanisms of an aspect of attentional functioning that uniquely affects life satisfaction and is not captured by DSM-based ADHD scales. Further future research could identify if lack of dispositional mindfulness and high ADHD traits can be targeted by different therapeutic approaches resulting in different effects on life satisfaction.
Introduction
Mindfulness has been defined as the self-regulation of attention towards the present moment and the orientation to one's experience with an attitude of curiosity, openness and acceptance [1] . Self-regulation of attention might be particularly difficult for people with attention-deficit/hyperactivity disorder (ADHD). ADHD is a heritable neurodevelopmental disorder characterised by impairing symptoms of inattention (INATT) and hyperactivity-impulsivity (HYP/IMP), commonly diagnosed according to criteria described in the Diagnostic and Statistical Manual of Mental disorders (DSM) [2] . ADHD has a prevalence of about 5% in children and adolescents and 2.5% in adults [3] . Especially for adolescents with ADHD, it is important to develop self-regulation skills and awareness of their own functioning in the transition to adulthood [4] . Mindfulness-based interventions (MBIs) [5] might target these needs and are increasingly gaining ground as an intervention for ADHD [6, 7] . Studying aspects of self-regulation captured by the concept of dispositional mindfulness in relation to ADHD traits could give additional insight into the phenotype of attentional problems and new approaches for interventions like MBIs.
Dispositional mindfulness refers to mindfulness as a psychological trait independent of mindfulness acquired as a skill through training and practice, such as meditation. This means that dispositional mindfulness can be assessed in meditation-naïve individuals, but dispositional mindfulness can also increase following mindfulness training and practice [8, 9] . The Mindfulness Attention Awareness Scale (MAAS, [10] ) is a commonly used measure assessing a lack of dispositional mindfulness by experienced attention lapses in daily life and the tendency to run on "automatic pilot". MAAS exhibits adequate psychometric properties and theoretically consistent relationships to brain activity, MBI outcomes, and mediation of MBI effects [8, [10] [11] [12] [13] [14] . The instrument taps into one aspect of dispositional mindfulness: (lack of) 'attention towards the present moment'. The 'orientation to one's experience with an attitude of curiosity, openness and acceptance' is not captured by MAAS. Therefore, MAAS seems closely related to constructs like inattention and inattentiveness. However, only few studies have examined relations between the lack of dispositional mindfulness and ADHD diagnosis or traits.
There is increasing evidence that the lack of dispositional mindfulness is associated with ADHD. Higher scores on dimensional assessments of ADHD traits have been associated with the lack of dispositional mindfulness (MAAS) both in university students with and without ADHD [15] , as well as in high school attendees [16] . In addition, ADHD diagnosis had a strong negative association with dispositional mindfulness as assessed with the Kentucky Inventory of Mindfulness Scale (KIMS) in an adult sample of parents of children with ADHD, half of whom had a lifetime diagnosis of ADHD themselves [17] . This association between ADHD and mindfulness was largely ascribed to the KIMS subscale acting-with-awareness, which is closely related to MAAS [18] . Similarly, the acting-with-awareness subscale of the five facet mindfulness questionnaire (FFMQ) [19] , comprised of MAAS and KIMS items, showed the strongest association, while the other four FFMQ subscales (observing, describing, non-judging and non-reacting) showed small or non-significant associations with ADHD outcomes in college students, of whom half had ADHD [20] and in adults with ADHD [21] . Thus, previous research suggests a negative association between ADHD symptomatology and specifically the attentional aspect of dispositional mindfulness. Therefore, it is interesting to further explore the relation between ADHD traits and experienced lapses of attention as a measure of a lack of dispositional mindfulness.
The negative association between ADHD and the attentional aspect of dispositional mindfulness may arise from aetiological overlap in the constructs to assess ADHD symptoms/traits and (a lack of) dispositional mindfulness. Both traits are heritable: a lack of dispositional mindfulness (MAAS) around 30% [22] and ADHD around 60-80% [3, 23, 24] . Further, both traits show little or no evidence for the influence of environmental risks factors shared by siblings [22, 25] . However, the genetic and environmental contributions to the association between a lack of dispositional mindfulness and ADHD have not previously been studied.
A way to explore the relevance of studying similarities and differences between these two associated concepts is to look at their incremental validity in predicting a clinically relevant outcome. ADHD traits are a description of observed behavioural inattention, hyperactivity and impulsivity, which is conceptually different from MAAS that captures perceived lapses of attention. Both ADHD traits and MAAS can predict aspects of well-being [10, 26] . In a Chinese high school population, correlations between MAAS and well-being variables remained significant when controlling for ADHD traits [16] . This suggests incremental validity of MAAS in predicting health outcomes beyond ADHD traits, showing that the scales have a complementary value, despite phenotypic overlap. However, Black, et al. [16] did not examine INATT and HYP/IMP separately.
The purpose of the present study is to examine associations between two possibly complementary attentional constructs: a lack of dispositional mindfulness and ADHD traits, in a UK population-representative sample of adolescent twins (N = 1092). We expect a greater shared genetic rather than environmental influence in explaining the association between the constructs. We assess the lack of dispositional mindfulness by an abbreviated 5-item version of MAAS [12] , which was shown to be well-understood by adolescents 1 3 in previous research and yielded meaningful associations with clinically relevant measures in relation to shared genes/ environments (e.g., [22] ). ADHD traits were assessed by parent report which is considered more valid as a measure of observed behaviours than self-report in youth [27, 28] . We focus on ADHD as a continuous trait, given considerable evidence that the disorder reflects the extreme of continuous traits of inattentiveness and hyperactivity/impulsivity in the general population [29, 30] . The two dimensions of ADHD are studied separately, since they show significant unique, as well as shared, genetic effects [31] .
Aims of the study
The aims of the study are, first, to examine phenotypic associations between a lack of dispositional mindfulness and ADHD traits, separately for inattentiveness and hyperactivity/impulsivity. Second, we aim to investigate the extent to which shared genetic and environmental factors explain the associations between these traits. Third, we intend to explore the incremental validity of the lack of dispositional mindfulness and ADHD traits, through studying their unique contributions to predict life satisfaction as a clinically relevant outcome.
Method

Sample and procedure
Data came from the 16-year assessment wave of the UK population-representative Twins Early Development Study (TEDS) [32] , which consists of twins born in England and Wales between 1994 and 1996 identified through birth records (see Online Resource 1 for representativeness). In the first cohort of this wave, a scale to assess the lack of dispositional mindfulness (MAAS, 5-item version) was included in the test battery. Data for the current study were collected in spring 2011. Informed consent from parents and twins and ethical approval were obtained (PNM/09/10-104 approved by the KCL Research Ethics Committee). Families were excluded following severe pre-or perinatal complications, a severe medical condition (e.g., a chromosomal disorder, brain damage, global developmental delay, autism, blindness) or if sex or zygosity were uncertain. 
Measures
In the current study, Cronbach's alpha internal consistency was acceptable (α = 0.76) to excellent (α = 0.91) for all scales (Online Resource 2).
The lack of dispositional mindfulness
The lack of dispositional mindfulness was assessed using an abbreviated version of MAAS, comprised of five items shown to have the highest differential item functioning [12, 33] . The 5-item version has a strong positive correlation of r = 0.93, p < 0.001, 95% CI (0.92, 0.94) [12] with the original 15-item MAAS [10] . The adolescents rated themselves on a 6-point Likert scale from 0 'almost never' to 5 'almost always'. Higher scores reflect more experienced lapses of attention.
ADHD traits
ADHD traits were assessed using parent ratings on the DSM-IV-based ADHD subscales of the Revised Conners' Parent Rating Scale (CPRS-R) [34] , which consist of a 9-item INATT subscale and a 9-item HYP/IMP subscale. Parents rated the behaviour of their children on a 4-point Likert scale from 0 'not true at all' to 3 'definitely true'. Higher scores reflect a higher level of ADHD traits.
Life satisfaction
Life satisfaction, as a primary component of subjective wellbeing [35] , was assessed using self-rating on the shortened 21-item Students' Life Satisfaction Scale [36] . Adolescents rated themselves on a 6-point Likert scale from 1 'strongly agree' to 6 'strongly disagree'.
Statistical analyses
Analyses were based on the Twin Method [37] , which allows estimating the relative contributions of additive genetic (heritability, h 2 or A), shared environmental (C), and non-shared environmental (E) influences on a trait or the covariation between traits. E includes measurement error.
To study phenotypic (observed) associations (r p ) between MAAS and ADHD traits (INATT and HYP/IMP separately) (aim 1) and to study genetic and environmental aetiologies of these associations (aim 2), structural equation twin model fitting was conducted in M× [38] . First, a constrained saturated model was used to derive twin and cross-twin crosstrait (CTCT) correlations. Twin correlations are withinpair within-trait correlations, that is, r MZ and r DZ are the correlations within, respectively, MZ and DZ pairs for one trait (MAAS, INATT or HYP/IMP). To obtain CTCT correlations, one trait (e.g., MAAS) in twin 1 is correlated with another trait (e.g., INATT) in the co-twin. Twin and CTCT correlations allow a first impression of the extent to which individual differences (variance) in variables, and their associations (covariation), are attributable to genetic (A) and environmental (C and E) factors.
Next, these impressions were confirmed by fitting a Cholesky decomposition, represented as a correlated factors solution (Fig. 1) , which facilitates the estimation of r p , A, C and E influences, and genetic and environmental correlations (r A , r C , r E ) between MAAS and CPRS-R dimensions. These correlations can range from − 1 to 1, and indicate the extent of genetic and environmental sharing between two traits.
We also estimated the proportion of the phenotypic correlations attributable to genes or environments. For example, from Fig. 1 , the proportion of r p between MAAS and INATT due to A, can be estimated as r A × √a 11 × √a 22 divided by r p . Previous studies using the current sample [22, 39] revealed no aetiological sex differences for MAAS and CPRS-R, and hence these are not modelled in the present study.
The Conners' scales were positively skewed and transformed using a Van der Waerden transformation [40] .
Following standard procedures, measures were regressed for sex and age [41] , and residual scores were included in the analysis. Full information maximum likelihood estimation was used to handle missing data. Likelihood-based 95% confidence intervals (CIs) were obtained to inform the precision of parameter estimates, which presents an advantage over using standard errors in structural equation twin models [42] . CIs crossing zero indicate non-significance of an estimate. CIs that do not overlap indicate two estimates differ significantly. Akaike's information criterion (AIC, [43] ) and Bayesian information criterion (BIC, [44] ) were used to compare the fit of the ACE model to a fully unconstrained saturated model. The best combination of goodness-of-fit and parsimony is achieved by the model with the lowest AIC and BIC values.
To address the incremental validity of MAAS and ADHD traits (aim 3), regression analyses were conducted using Stata [45] . The 'cluster' command was used which takes into account the non-independence of twin data by calculating robust standard errors [45] . The predictor (either MAAS, INATT or HYP/IMP, regressed for age and sex) was entered in the first step and the other predictor (INATT, HYP/IMP or MAAS) in the second step of the regression model. This allows examining if MAAS explains additional variance (R 2 ) from step 1 to step 2 in the dependent variable (life satisfaction) not accounted for by ADHD traits and vice versa. 
Results
The descriptive statistics for all measures are presented in the Online Resource 2.
Phenotypic, twin and cross-twin cross-trait correlations
The MAAS showed small but significant phenotypic correlations with INATT (r p = 0.18, 95% CI 0.13-0.22) and HYP/ IMP (r p = 0.13, 95% CI 0.08-0.17), with the lack of dispositional mindfulness reflecting higher ADHD traits ( Table 1) . The phenotypic correlation between MAAS and INATT was not significantly larger than between MAAS and HYP/IMP.
The MZ twin correlations were larger than the DZ correlations, but less than one (Table 1) , indicating the presence of additive genetic (A) and non-shared environmental (E) influences on MAAS, INATT and HYP/IMP. For MAAS, the DZ correlation was slightly less than half the MZ correlation, suggesting the absence of shared environmental effects (A, E rather than A, C, E), and that heritability should be interpreted as both additive (sum of the effects of the individual alleles at all loci that influence the trait) and dominant (interactions between alleles at the same locus) genetic effects. For ADHD dimensions, DZ twin correlations were greater than half the MZ correlations (Table 1) , indicating some influence of shared environment (C).
The MZ CTCT correlations were larger than the DZ CTCT correlations (Table 1) 
ACE model results
The ACE model was a good fit to the data as indicated by the negative AIC and BIC values: χ 2 (df = 111) = 189.78, p < 0.001, AIC = − 32.22, BIC = − 293.37. As dropping parameters can artificially inflate non-significant estimates, results from the full ACE model are presented. Significant heritability was found for MAAS (A= 35%), INATT (A= 61%) and HYP/IMP (A= 65%) ( Table 2 ). The remainder of variance was completely due to non-shared environments for MAAS (C= 0%, E= 65%) and due to both shared and non-shared environmental influences for INATT (C= 18%, E= 21%) and HYP/IMP (C= 22%, E= 13%) ( Table 2) . From the aetiological correlations between MAAS and ADHD traits, only the genetic correlations were significant, with a modest overlap (r A = 0.37 for INATT and r A = 0.21 for HYP/IMP) ( Table 2 ). The estimations of the proportion of r p due to A, C and E showed that shared genetic influences largely explained the phenotypic correlations of MAAS with INATT (% r p due to A= 93%, C= 0%, E= 6%) and HYP/IMP (% r p due to A= 81%, C= 0%, E= 19%) ( Table 2 ). The C path on MAAS and those connecting MAAS and ADHD dimensions were non-significant and could be dropped without a significant decrease in fit, χ 2 (df = 3) = 0.00, p = 1.00. 
Incremental validity
MAAS was a significant and negative predictor of life satisfaction beyond INATT and HYP/IMP and vice versa (Table 3) , providing evidence for incremental validity and partly independent contributions to predicting life satisfaction. MAAS explained 3.7% of variance in life satisfaction (beyond age and sex), INATT and HYP/IMP another 3.5% and 0.2%. Likewise, INATT and HYP/IMP explained, respectively, 4.7% and 0.7% of variance in life satisfaction (beyond age and sex), MAAS another 2.5% and 3.2%.
Discussion
This is the first report on the genetic and environmental aetiologies of phenotypic associations between a lack of dispositional mindfulness and the INATT and HYP/ IMP dimensions of ADHD traits, allowing to explore the complementary value of these two attentional constructs in an adolescent population. We also explored if the lack of dispositional mindfulness and ADHD traits independently contribute to predicting life satisfaction. MAAS and ADHD trait measures showed small significant correlations, which were largely explained by shared genetic influences. However, genetic correlations between the lack of dispositional mindfulness and ADHD trait measures were modest and environmental correlations non-significant. In addition, the two attentional constructs, MAAS and CPRS-R, were unique negative predictors of life satisfaction, an important aspect of mental well-being, supporting the respective incremental validity of these questionnaires as clinically relevant outcomes.
The phenotypic correlations between the lack of dispositional mindfulness and ADHD traits in our study were lower than found in the previous studies. Earlier results showed larger correlations between dispositional mindfulness as assessed by MAAS and ADHD traits in high school attendees aged 14-20 years (r = − 0.65, p < 0.01) [16] and in university students aged 18-37 years with ADHD (r = − 0.74, p < 0.0001) and without ADHD (r = − 0.65, p < 0.0001) [15] . However, Black et al. [16] assessed ADHD traits with a self-report questionnaire consisting of six items of the Diagnostic Interview Schedule for Children (DIS-C) and dispositional mindfulness with a 6-item version of MAAS (same five self-report items used in present study plus one). Keith et al. [15] also used selfreport to assess ADHD traits (the DSM-IV-based Adult Self-Report Scale) as well as the full (15-item) MAAS version. The use of self-assessment measures for both dispositional mindfulness and ADHD traits could therefore have contributed to the previously found higher correlations. In the current study, correlations were not confounded by shared measurement error, as ADHD traits were assessed using parent report in addition to the MAAS self-report. Dispositional mindfulness, as conceptualized by MAAS, is typically assessed using self-report, as it aims to capture awareness and perceived experiences. In contrast, parent report is considered more valid to assess ADHD traits than self-report in youth [27, 28] . The current study used a valid and reliable parent report to assess ADHD traits and it can be argued that the results give a more accurate estimation of the phenotypic association between MAAS and ADHD traits than previous studies. The overlap between the lack of dispositional mindfulness and ADHD traits might hence be smaller than previously thought.
Another finding worth noting is the absence of a significant difference between INATT and HYP/IMP in their phenotypic correlation with MAAS. Edel et al. [46] found MAAS to be correlated with only the INATT dimension (small-to-moderate, exact correlations not reported) in adults with ADHD. This could possibly be explained by the older age of their sample, because HYP/IMP tends to decline with age, whilst INATT shows a more stable trajectory [47, 48] .
The results from the twin models highlight modest overlap of genetic, and no significant overlap of environmental influences. Genetic factors largely explained the phenotypic covariation between the lack of dispositional mindfulness Table 3 Regression analyses of MAAS and ADHD traits on life satisfaction HYP/IMP hyperactivity-impulsivity, INATT inattentiveness, MAAS Mindful Attention Awareness Scale R 2 % of variance explained in step 1. ∆R 2 incremental % of variance explained in step 2. B unstandardised regression coefficient. Corrections were applied for: (1) non-independence of data ('cluster' command in STATA); (2) multiple testing (false discovery rate, α at 0.05); (3) age and sex. ***p < 0.0001, **p < 0.01, *p < 0.05
Step 1: and ADHD traits. This is in line with the "generalist genes hypothesis" [49, 50] , stating that genes act in a way that they influence more than one trait, thereby accounting for associations between traits. Such genetic overlap suggests that some of the genes associated with ADHD traits are expected to play a role in the lack of dispositional mindfulness. Given the large research effort on genetic influences on ADHD [3, 51, 52] , this may add to understanding the genetic aspects of dispositional mindfulness [17] . Alternative models explaining the genetic associations also need to be evaluated, such as causal or reciprocal relationship between the traits [53] . Trait-specific environmental effects indicate that the environment contributes more to differentiation among the traits rather than overlap between them. It is unknown what these influences are, but could involve differential effects of parenting, life events, divergent cultural exposure, in addition to measurement error. Reductions in ADHD traits have been found following MBIs in normally developing [54, 55] and ADHD child, adolescent and adult populations [6] , partially mediated by an increase in the acting-with-awareness facet of KIMS [56] . Therefore, future research is needed to explore whether the role of genetic and environmental factors on the lack of dispositional mindfulness and its association with ADHD traits may change following MBI.
One proposed mechanism linking the lack of dispositional mindfulness and ADHD traits involves regulation of mind wandering which is highly correlated with MAAS [57] and with ADHD traits [58] . MBI might improve control of mind wandering by enhancing regulation of DMN deactivation (e.g., [59, 60] ) and altering DMN connectivity with task positive regions, which is implicated in ADHD and associated with poorer attentional regulation [61] [62] [63] [64] [65] . This is supported by research showing that MBI improves metaawareness [66] and increased meta-awareness (awareness that your mind has wandered) has been found to mediate the association of ADHD with the detrimental effects of mind wandering [67] . In addition, an RCT looking at the neurophysiological correlates of performance monitoring in ADHD also showed an increase of meta-awareness (of errors) following MBI, which was correlated with increased acting-with-awareness facet of FFMQ and decreased HYP/ IMP symptoms [68] . The shared genetic aetiology could reflect an underlying mechanism influencing both the lack of dispositional mindfulness and ADHD traits, such as regulation of mind wandering.
However, although both adolescents with a lack of dispositional mindfulness and adolescents with high levels of ADHD traits likely experience lapses of attention, the underlying aetiologies were largely independent, suggesting different mechanisms that could underlie the expression of traits captured by MAAS and measures of ADHD traits. Furthermore, MAAS and ADHD traits were unique negative predictors of life satisfaction, replicating the findings of Black et al. [16] , and extending it by showing that both INATT and HYP/IMP separately contribute to the prediction of life satisfaction. Measures based on the DSM criteria for ADHD (like CPRS-R) tap into the behavioural consequences of the attentional lapses (such as 'often loses things', 'does not seem to listen'), whereas MAAS taps into potential underlying experience, i.e., lapse of attention or 'automatic pilot'. These different aspects of attentional problems, with different impacts on life satisfaction, might benefit from different therapeutic approaches. For example, cognitive behavioural therapy for adolescents with ADHD focuses on reducing ADHD symptoms (the behavioural consequences) [69] , while MBIs might target mindfulness skills (the underlying experience) [56] . Using a multidimensional approach of attention gives additional insight into effects and working mechanisms of different therapeutic interventions that can complement each other or can give direction to personalised treatment of attentional problems.
Strengths and limitations
Strengths of the current study are the use of a large population-representative sample of twins allowing genetically informative analyses, and the use of a parent-rather than self-report measure of ADHD traits. In addition, because MAAS is self-report and ADHD traits were assessed with parent report, the current phenotypic correlations are not simply a result of shared rater variance. However, the use of different informants comes with limitations as well. The low correlations and incremental validity might be a result of informant discrepancies rather than an actual difference between the constructs. Nevertheless, in previous studies, substantially higher correlations were found between ADHD ratings by different informants compared to the phenotypic correlations found in the current study (INATT: r p = 0.18, HYP/IMP: r p = 0.13). In a comparable twin study with 2369 adolescents aged 16-17 years and 1067 parents, the correlation between self-and parent-rated ADHD traits was 0.37 [28] . A similar correlation between self-and parent-rated ADHD traits (r = 0.34) was found in the current sample, even though the response scales were different between the informants [70] . As a consequence, the phenotypic correlations between the CPRS-R and the MAAS are much lower than what is expected based on informant discrepancies only, which supports the idea that the instruments are complementary.
Further, twin designs come with standard assumptions and limitations concerning equal environments, gene-environment correlation and gene-environment interaction (G×E) [37] . The implication for the interpretation of the present findings is that the genetic effects influencing MAAS, ADHD traits and their associations could include interactions between genes and shared environment. Because G×E is thought to play an important role in ADHD [71] , more complex models incorporating G×E need to be considered in future research. Further, our results on adolescent participants do not allow generalisation to different age groups, since genetic and environmental influences on individual differences can change across age [37] .
The present study used an abbreviated 5-item version of MAAS, which is considered as useful as the original 15-item MAAS [12] , and has the advantage that the addition to a test battery adds very little burden for the participants. However, a limitation is that MAAS represents a narrow unidimensional conceptualisation of dispositional mindfulness, although it also allows a more precise view of this particular aspect and increases the comparability of our results with most other studies on dispositional mindfulness. It has been argued that lower scores on MAAS, reflecting less perceived lapses of attention, does not necessitate high dispositional mindfulness, because mindfulness is not simply an opposite of or a lack of mindlessness or inattentiveness [72, 73] . Nevertheless, recent neuroimaging findings show that MAAS is associated with the functional connectivity of several brain regions involved in attention, emotion processing, self-processing, interoception and body awareness [13, 74] that have been associated with MBIs as well [75] [76] [77] [78] [79] . Because MAAS captures one component of dispositional mindfulness, it would be interesting to extend and replicate our findings using other mindfulness scales and constructs. For example, instruments based on concepts that involve not only the attention component of mindfulness, but also intention and attitude [80] . Furthermore, because all self-report mindfulness scales come with limitations [81] , alternatives to self-report, like interview approaches [82] , experience sampling or ecological momentary assessment [83] should be considered to increase our understanding of the many facets of dispositional mindfulness.
